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(57) ABSTRACT 

An Electro-Static Discharge (ESD) protection device is 
formed in an isolated region of a semiconductor substrate. 
The ESD protection device may be in the form of a MOS or 
bipolar transistor or a diode. The isolation structure may 
include a deep implanted ?oor layer and one or more 
implanted Wells that laterally surround the isolated region. 
The isolation structure and ESD protection devices are 
fabricated using a modular process that includes virtually no 
thermal processing. Since the ESD device is isolated, tWo or 
more ESD devices may be electrically “stacked” on one 
another such that the trigger voltages of the devices are 
added together to achieve a higher e?‘ective trigger voltage. 
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ESD PROTECTION FOR 
BIPOLAR-CMOS-DMOS INTEGRATED 
CIRCUIT DEVICES AND MODULAR 
METHOD OF FORMING THE SAME 

FIELD OF THE INVENTION 

[0001] This invention relates to semiconductor chip fab 
rication and in particular to methods of fabricating and 
electrically isolating bipolar, CMOS and DMOS transistors 
and passive components in a semiconductor chip monolithi 
cally at high densities Without the need for high temperature 
fabrication processing steps, and to provide ESD protection 
for such devices. 

BACKGROUND OF THE INVENTION 

[0002] In the fabrication of integrated circuit (IC) chips, it 
is frequently necessary to electrically isolate devices that are 
formed on the surface of the chip, especially When these 
components operate at different voltages. Such complete 
electrical isolation is necessary to integrate certain types of 
transistors including bipolar junction transistors and various 
metal-oxide-semiconductor (MOS) transistors including 
poWer DMOS transistors. Complete isolation is also needed 
to alloW CMOS control circuitry to ?oat to potentials Well 
above the substrate potential during operation. Moreover, 
complete isolation alloWs the design of novel Electro-Static 
Discharge (ESD) protection devices. 
[0003] Ability to survive an ESD event is one of the key 
requirements for ICs. A common method for providing such 
ESD protection is to include one or more ESD clamp devices 
that are connected across the external pins of an IC. More 
generally, the ESD devices are connected betWeen the input 
terminals of, and thus in parallel With, the circuitry that is to 
be protected. These clamp devices are generally designed to 
break doWn at a voltage beloW that Which Would cause 
damage to the internal circuitry of the IC, thus absorbing the 
ESD energy and protecting the IC circuitry. The most 
commonly used ESD clamp devices are simple diodes, NPN 
bipolar transistors, and grounded-gate NMOS (GGNMOS) 
transistors, Which are designed to operate in the bipolar 
snapback mode. 
[0004] FIGS. 1A-1C shoW tWo prior art ESD clamp 
devices. GGNMOS device 100 in FIG. 1A comprises a 
NMOS transistor 101 With drain (D) connected to input pad 
102 and source (S) connected to ground pad 103. The 
NMOS gate (G) is connected to source through a gate 
resistor 104, With a value typically in the range of l 
kohm-lOO kohm, and the NMOS body (B) is connected to 
source through internal body resistance 105 that is optimiZed 
to alloW the GGNMOS to snapback due to parasitic NPN 
bipolar action at a reasonably loW drain voltage. NPN ESD 
clamp device 110 in FIG. 1B comprises an NPN transistor 
111 With collector (C) connected to input pad 112 and 
emitter (E) connected to ground pad 113. The NPN base (B) 
is connected to emitter through internal base resistance 114 
to alloW the NPN to snapback due to BVcer at a reasonably 
loW collector voltage. 
[0005] FIG. 2 shoWs a cross-section schematic of prior art 
GGNMOS device 100 from FIG. 1A. In this conventional, 
non-isolated CMOS process, P-Well region 201, Which 
serves as the body of the NMOS, is formed in P-type 
substrate 202. Therefore the body of this prior art GGNMOS 
is alWays connected to the substrate potential (“ground”). 
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The device also includes N+ drain region 203, N+ source 
regions 204A and 204B, P+ contact region 205, lightly 
doped drain (LDD) regions 206, gate 207, gate oxide 208, 
sideWall spacers 209, ?eld oxide 210, inter-level dielectric 
(ILD) 211, and metal layer 212. 
[0006] FIG. 3 shoWs a cross-section schematic of prior art 
NPN ESD clamp device 110 from FIG. 1B. In this conven 
tional, non-isolated CMOS process, P-Well region 301, 
Which serves as the base of the NPN, is formed in P-type 
substrate 302. Therefore the body of this prior art NPN ESD 
clamp is alWays connected to the substrate potential 
(“ground”). The device also includes N+ collector region 
303, N+ emitter regions 304A and 304B, P+ contact region 
305, ?eld oxide 310, ILD 311, and metal layer 312. 
[0007] The breakdown or trigger voltage of ESD clamp 
devices is typically limited to less than 20V by the vertical 
breakdoWn of various junctions in a given process. ESD 
devices With higher trigger voltages generally rely on a 
lateral breakdoWn mechanism that is prone to current croWd 
ing, making it dif?cult to design large structures that effec 
tively distribute the ESD energy. The use of series connected 
or “stacked” ESD clamp devices Would alloW the trigger 
voltages of a several ESD clamp devices to be added to 
achieve higher total trigger voltage, but this requires com 
plete isolation of the ESD clamp devices. 
[0008] Fabrication of conventional CMOS in P-type sub 
strate material does not facilitate complete isolation of its 
devices since every P-type Well forming the body (back 
gate) of NMOS transistors is shorted to the substrate poten 
tial, typically the most negative on-chip potential. One 
method for achieving complete isolation is epitaxial junc 
tion-isolation, Which employs an N-type epitaxial layer 
groWn atop a P-type silicon substrate and separated into 
electrically isolated tubs by a deep P-type isolation di?‘u 
sionione requiring high temperature processes to imple 
ment. High temperature processing causes a redistribution of 
dopant atoms in the substrate and epitaxial layers, causing 
unWanted tradeolfs and compromises in the manufacturing 
of dissimilar devices fabricated using one common process. 
Moreover, the high-temperature dilfusions and epitaxy 
employed in epi-JI processes are generally incompatible 
With the large Wafer diameters and advanced loW-tempera 
ture processing equipment common in submicron CMOS 
fabs. 
[0009] What is needed is a process for integrating various 
IC devices With ESD protection devices that alloWs for the 
formation of stacked devices, yet eliminates the need for 
high temperature processing and epitaxy. Ideally, such a 
manufacturing process should employ “as-implanted” 
dopant pro?lesiones Where the ?nal dopant pro?les remain 
substantially unaltered from their original implanted pro?les 
by any subsequent Wafer processing steps. Moreover, the 
process should be constructed in a modular architecture 
Where devices may be added or omitted and the correspond 
ing process steps added or removed to the integrated ?oW 
Without changing the other devices available in the process’ s 
device arsenal. 

SUMMARY OF THE INVENTION 

[0010] The clamping devices of this invention are formed 
Within an isolated region of a substrate of a ?rst conductivity 
type. The isolated region is bounded on the bottom by a deep 
implanted ?oor layer of a second conductivity type opposite 
to the ?rst conductivity type and on the sides by one or more 
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implanted Wells of the second conductivity type that extend 
downward from the surface of the semiconductor material 
and merge With the deep implanted layer. In many embodi 
ments the isolated region is bounded on the side by a single 
Well that is formed in the shape of a closed ?gureifor 
example, a circle, rectangle or other polygon or some other 
shape. 
[0011] Avariety of ESD protection devices may be formed 
Within the isolated region. For example, in one embodiment 
a bipolar transistor is formed in the isolated region, With its 
base connected to its emitter through a resistance such that 
a tWo-terminal device is formed. In another embodiment, a 
grounded-gate MOS device is formed With both its body 
region and its gate connected to its drain through respective 
resistances. 
[0012] In yet another group of embodiments, a clamping 
diode is formed in the isolated region. The isolated device is 
formed in a P-type substrate and the ?oor isolation layer and 
the Well(s) that surround the isolated region laterally are 
N-type. An N+ cathode region is formed at the surface of the 
isolated region and a P anode region is formed beneath the 
N+ cathode region. The P anode region may be formed by 
a succession of chained implants With the deeper implants 
having a higher doping concentration than the shalloWer 
implants. Alternatively, the anode and cathode may be 
formed by a series of parallel N-type and P-type regions 
Within the isolated region. 
[0013] The doped regions that constitute the isolation 
structure and the doped regions that constitute the ESD 
protection device are preferably formed by single or mul 
tiple implants With essentially no thermal processes that 
Would result in the diffusion of the dopants. These doped 
regions therefore remain in an essentially “as-implanted” 
con?guration. The process How is modular in the sense that, 
With a feW exceptions, the implants may be performed in 
virtually any order, and it is possible to eliminate one or 
more process steps in the fabrication of a given IC, depend 
ing on Which set of devices are required. 
[0014] The ESD protection are connected betWeen the 
input terminals of the circuitry that is to be protected. Since 
the ESD protection devices are isolated from the substrate, 
they can be series connected or “stacked” such that the 
trigger voltages of a several ESD clamp devices are added 
together to achieve a higher e?fective trigger voltage in order 
to provide protection for high voltage circuits. 

DESCRIPTION OF FIGURES 

[0015] FIGS. 1A-1C are schematic circuit diagrams of 
prior art ESD protection devices. 
[0016] FIG. 2 is a cross-sectional vieW of a prior art 
GGNMOS ESD clamp device. 
[0017] FIG. 3 is a cross-sectional vieW ofa prior art NPN 
ESD clamp device. 
[0018] FIGS. 4A-4D are schematic circuit diagrams of 
stacked ESD protection devices. 
[0019] FIG. 5 is a cross-sectional vieW of an isolated NPN 
ESD clamp device. 
[0020] FIG. 6 is a cross-sectional vieW of an isolated 
GGNMOS ESD clamp device. 
[0021] FIGS. 7A-7C are cross-sectional vieWs of an iso 
lated ESD clamp diodes. 
[0022] FIG. 8 is a cross-sectional vieW of a stacked ESD 
clamp structure. 
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DESCRIPTION OF THE INVENTION 

[0023] An all loW-temperature fabrication method using 
as-implanted junction isolation structures employs high 
energy and chain implants With dopant implanted through 
contoured oxides to achieve fully-isolated bipolar, CMOS 
and DMOS devices Without the need for isolation dilfusions, 
epitaxy or high temperature processes. The loW-temperature 
Wafer fabrication methods and isolated device structures 
Were previously described in pending US. application Ser. 
No. 11/298,075 and in US. Pat. Nos. 6,855,985, 6,900,091 
and 6,943,426 to R. K. Williams et al., each of Which is 
incorporated herein by reference. 
[0024] The inventive matter in this application is related to 
these patents and applications but concentrates on the design 
and integration of isolated and stackable ESD protection 
structures. 

[0025] The loW-temperature fabrication of the high-volt 
age devices described in this application are compatible With 
the modular loW-temperature fabrication methods described 
in the aforementioned applications, but are not necessarily 
limited to modular process architectures. 
[0026] While speci?c embodiments of this invention have 
been described, it should be understood that these embodi 
ments are illustrative only and not limiting. Many additional 
or alternative embodiments in accordance With the broad 
principles of this invention Will be apparent to those of skill 
in the art. 

Wafer Fabrication 

[0027] Except as speci?cally stated, Wafer fabrication of 
the devices described herein utiliZes the same process 
sequence that is described in the above referenced patents. 
A brief summary of the basic process How includes 
[0028] Field oxide formation 
[0029] High-energy implanted deep drift layer (ND) for 
mation 
[0030] High-energy implanted ?oor isolation (DN) forma 
tion 
[0031] 1S’ chain-implanted non-Gaussian N-Well (NW1/ 
NW1B) formation 
[0032] 1S’ chain-implanted non-Gaussian P-Well (PW1/ 
PW1B) formation 
[0033] 2'” chain-implanted non-Gaussian N-Well (NW2/ 
NW2B) formation 
[0034] 2'” chain-implanted non-Gaussian P-Well (PW2/ 
PW2B) formation 
[0035] Dual gate oxide and gate electrode formation 
[0036] N-base implant 
[0037] P-base implant 
[0038] 1S’ N-LDD implant (NLDD1) 
[0039] 1S’ P-LDD implant (PLDD1) 
[0040] 2'” N-LDD implant (NLDD2) 
[0041] 2'” P-LDD implant (PLDD2) 
[0042] ESD implant 
[0043] SideWall spacer formation 
[0044] N+ implant 
[0045] P+ implant 
[0046] Rapid thermal anneal (RTA) implant activation 
[0047] Multilayer metal interconnect process 
[0048] Passivation 
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[0049] Since the process as described utilizes “as-im 
planted” dopant pro?les With little or no dopant redistribu 
tion, implants may be performed in virtually any order 
except that it is preferred that the P-Well and N-Well implan 
tation precede gate formation, the trench gate formation 
precede DMOS body implantation, N-LDD and P-LDD 
implants folloW gate formation but precede sideWall spacer 
formation, and N+ and P+ implants folloW sideWall spacer 
formation. This process How is designed to be modular, so 
it is possible to eliminate one or more process steps in the 
fabrication of a given IC, depending on Which set of devices 
are required for that IC design. 
[0050] By Way of example, the table beloW summarizes a 
preferred embodiment and a preferred range of conditions 
for the implants described in this application: 
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prising a top ESD clamp 401 and a bottom ESD clamp 402 
connected in series betWeen an input pad 403 and a ground 
pad 404 and in parallel With a circuit 410 that is to be 
protected. Bottom ESD clamp 402 may be non-isolated 
(having a common terminal connected to the substrate) or 
isolated from the substrate. It may comprise any of several 
possible ESD clamp devices, including a GGNMOS as 
shoWn in FIG. 4A, an NPN ESD clamp as shoWn in FIGS. 
4B and 4D, an ESD clamp diode as shoWn in FIG. 4C, or 
other related devices. Top ESD clamp 401 is isolated from 
the substrate such that it can ?oat to a high voltage and thus 
be stacked in series With bottom ESD clamp 402. Top ESD 
clamp 401 may comprise any of several possible ESD clamp 
devices, including a GGNMOS, as shoWn in FIG. 4A, an 
NPN ESD clamp as shoWn in FIG. 4B, an ESD clamp diode 

Implant Preferred Embodiment 
(Species) (Energy, Dose) Preferred Range (Energy, Dose) 

DN (1“) E = 2.0 MeV, Q = 2E13 cm’2 E = 1.0 MeV to 3.0 keV, Q = 1E12 to 1E14 cm’2 
ND deep drift E = 800 keV, Q = 2El2 cm’2 E = 400 keV to 1.2 MeV, Q = SE11 to SE12 cm’2 
(1”) E = 600 keV, Q = 2El2 cm’2 E = 300 keV to 900 keV, Q = SE11 to SE12 cm’2 
P-body (B*) E = 120 keV, Q = 2El2 cm’2 E = 60 keV to 180 keV, Q = SE11 to SE12 cm’2 

E = 40 keV to 120 keV, Q = 1E12 to 1E13 cm’2 
1st P-Wcll + (13*) E = 240 keV, Q =1E13 cm’Z E =120 keV to 360 keV, Q = SE12 to SE13 cm’Z 

E =120 keV, Q = 6E12 cm’Z E = 60 keV to 180 keV, Q = 1E12 to 1E13 0M2 
1st N-Wcll + (1“) E = 460 keV, Q = SE12 cm’Z E = 230 keV to 690 keV, Q = 1E12 to 1E13 cm’Z 

E = 160 keV, Q =1E12 cm’Z E = 80 keV to 240 keV, Q = SE11 to SE12 cm’Z 
2nd P-Wcll + (13*) E = 460 keV, Q = 1E13 cm’Z E = 230 keV to 690 keV, Q = SE12 to SE13 cm’Z 

E = 160 keV, Q =1E12 cm’Z E = 80 keV to 240 keV, Q = SE11 to SE12 cm’Z 
2nd N-Wcll + (1“) E = 950 keV, Q =1E13 cm’Z E = 500 keV to 1.5 MeV, Q = SE12 to SE13 cm’Z 

E = 260 keV, Q =1E12 cm’Z E =130 keV to 390 keV, Q = SE11 to SE12 cm’Z 
N-base (1”) E = 300 keV, Q = 2El2 cm’2 E = 150 keV to 450 keV, Q = SE11 to SE12 cm’2 

E =120 keV, Q = 9E12 cm’2 E = 60 keV to 180 keV, Q = SE12 to SE13 cm’2 
P-base (B*) E = 240 keV, Q = 6E12 cm’2 E = 120 keV to 360 keV, Q = 1E12 to 1E13 cm’2 

E = 100 keV, Q = 6E12 cm’2 E = 50 keV to 150 keV, Q = 1E12 to 1E13 cm’2 
NLDD1 (1“) E = 80 keV, Q = 2E13 cm’2 E = 40 keV to 160 keV, Q = SE12 to SE13 cm’2 
PLDD1 (BFf) E = 80 keV, Q = 2E12 cm’2 E = 40 keV to 160 keV, Q = SE11 to SE12 cm’2 
NLDD2 (1“) E = 80 keV, Q = 6E12 cm’2 E = 40 keV to 160 keV, Q = 1E12 to 1E13 cm’2 
PLDD2 (BFf) E = 100 keV, Q = 3E12 cm’2 E = 50 keV to 150 keV, Q = 1E12 to 1E13 cm’2 
NESD (1“) E = 40 keV, Q = 1E1S cm’2 E = 20 keV to 150 keV, Q = 1E14 to SE1S cm’2 
N+ (ASJ') E = 30 keV, Q = SE1S cm’2 E = 20 keV to 60 keV, Q = 1E1S to 1E16 cm’2 
P+ (BFj) E = 30 keV, Q = 3E1S cm’2 E = 20 keV to 60 keV, Q = 1E1S to 1E16 cm’2 

[0051] Using this process architecture, a number of unique 
ESD protection devices may be fabricated and integrated 
into an TC in a modular fashion. These neW ESD devices 

include isolated diodes, GGNMOS, and NPN devices. An 
important feature of these devices is the complete isolation 
provided by a high-energy implanted ?oor isolation layer 
(DN). Since these devices are isolated from the substrate, 
they can be series connected or “stacked” such that the 
trigger voltages of a several ESD clamp devices are added 
together to achieve a higher effective trigger voltage in order 
to provide protection for high voltage circuits. Stacking tWo 
devices that each have a 16V trigger voltage, for example, 
yields a combined trigger voltage of 32V, Which may be 
suitable for protection of 30V circuitry. Formation of such 
stacked devices is simply not possible using prior art non 
isolated CMOS processes, and While it is theoretically 
possible using epitaxial junction isolation techniques, the 
siZe of the ESD clamps Would be prohibitive. Thus, the ESD 
devices of this invention are unique in their combination of 
isolation and cost-elfectiveness. 

[0052] FIGS. 4A-4D shoW a circuit schematic of stacked 
ESD clamp structures 400A-400D, respectively, each com 

as shoWn in FIGS. 4C and 4D, or other related devices. The 
top and bottom ESD clamp devices may the same type, or 
different types of devices may be used for the top and bottom 
clamps, respectively. For example, an NPN ESD clamp may 
be used on the bottom and an isolated ESD clamp diode on 
the top, as shoWn in stacked ESD clamp structure 400D in 
FIG. 4D. 

[0053] FIG. 5 shoWs a cross-sectional vieW of an isolated 
NPN ESD clamp 500. An N+ collector 503 is separated from 
N+ emitters 504A and 504B by a signi?cant distance, for 
example 10-100 um, to provide some ballasting resistance to 
distribute the ESD current uniformly. P+ base contacts 505A 
and 505B are spaced from the emitters 504A and 504B by 
a signi?cant distance, for example 10-100 um, to provide 
some resistance betWeen the base 501 and emitters 504A and 
504B, Which loWers the bipolar snapback voltage and alloWs 
easier triggering during an ESD event. An optional ESD 
implant 516 may be included adjacent the collector 503 to 
provide a loWer trigger voltage (breakdown of the collector 
base junction) for improved ESD protection. A trigger 
voltage of 16V, for example, may be used to provide 
protection of the 12V CMOS devices having a typical 
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junction breakdown of 20V. The NPN ESD clamp 500 
shown in FIG. 5 also includes DN ?oor isolation layer 513 
and N-type sidewall isolation regions 514A and 514B to 
provide complete isolation of the ESD clamp 500 from 
P-type substrate 502. Active regions are separated by ?eld 
oxide layer 510 and contacted by metalliZation layer 512 
through contact holes in ILD 511. Isolation (ISO) electrodes 
are connected to DN layer 513 via N+ contacts 515A and 
515B. Depending on the bias conditions of the input pad, the 
ISO electrodes may be tied to the same potential as the 
collector 503, the same potential as the base 501, or some 
other potential de?ned in the IC. 
[0054] Clamp 500 may be an annular device, with collec 
tor 503 at the center and each of emitters 504A, 504B, P+ 
base contacts 505A, 505B, and isolation regions 514A, 
514B in an annular shape surrounding collector 503. Note: 
As used herein, the term “annular” refers to a geometrical 
?gure having an open center region whether the shape is 
circular, rectangular, hexagonal or some other shape. 
[0055] FIG. 6 shows a cross-sectional view of an isolated 
GGNMOS ESD clamp 600. P-well region 601, which serves 
as the body of the NMOS 600, is isolated from P-type 
substrate 202 by DN ?oor isolation layer 613 and N-type 
sidewall isolation regions 614A and 614B. The device also 
includes N+ drain region 603, N+ source regions 604A and 
604B, P+ body contact regions 605A and 605B, LDD 
regions 606, gate 607, gate oxide layer 608, sidewall spacers 
609, ?eld oxide layer 610, ILD 611, and metalliZation layer 
612. The metalliZation contact to N+ drain 603 is separated 
from the edges of gate 607 by a signi?cant distance, for 
example 1-10 microns, to provide some ballasting resistance 
to distribute the ESD current uniformly among multi-?n 
gered GGNMOS clamp devices. P+ body contacts 605A and 
605B are spaced from the source regions 604A and 604B by 
a signi?cant distance, for example l-lO microns, to provide 
some resistance between the source regions 604A and 604B 
and the body 601, which lowers the bipolar snapback 
voltage and allows easier triggering during an ESD event. 
An optional ESD implant 616 may be included adjacent the 
drain region to provide a lower trigger voltage (breakdown 
of the drain-body junction) for improved ESD protection. A 
trigger voltage of 9V, for example, may be used to provide 
protection of the 5V CMOS devices having a typical junc 
tion breakdown of 12V. Active regions are separated by ?eld 
oxide layer 610 and contacted by metalliZation layer 612 
through contact holes in ILD 611. Isolation (ISO) electrodes 
are connected to DN 613 via N+ contact regions 615A and 
615B. Depending on the bias conditions of the input pad, the 
ISO electrodes may be tied to the same potential as the drain 
603, the same potential as the body 601, or some other 
potential de?ned in the IC. 
[0056] Like device 500, device 600 may be annular, with 
gate 607, source regions 604A, 604B, body contacts 605A, 
605B, and sidewall isolation regions 614A, 614B surround 
ing drain region 603. 
[0057] FIG. 7A shows a cross-sectional view of an iso 
lated ESD clamp diode 1100 comprising P-type region 1103 
that is isolated from P-type substrate 1101 by high-energy 
implanted DN ?oor isolation layer 1102 and sidewall iso 
lation N-wells 1105A and 1105B, which may be annular. N+ 
cathode 1106 extends across the semiconductor surface 
between LOCOS oxide regions 1108 and forms electrical 
contact with the ?oor isolation layer 1102 through its 
overlap onto N-wells 1105A and 1105B. The N+ cathode (K) 
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1106, is contacted through ILD 1109 and electrically con 
nected by metal layer 1111 through an optional barrier metal 
layer 1110. P-body or P-base anode 1104 is contained within 
isolated P-type region 1103 and contacted by a P+ region 
(not shown) within the isolated P-type region 1103. The 
contact is preferably formed in the dimension into the page, 
by interrupting the N+ cathode 1106 to insert the P+ region. 
Contact to non-isolated P-type substrate 1101 is facilitated 
by P+ regions 1107A and 1107B, which in a preferred 
embodiment form a ring circumscribing the diode 1100. 
[0058] FIG. 7B shows a cross-sectional view of an iso 
lated ESD clamp diode 1120 comprising P-type region 1131 
that is isolated from P-type substrate 1121 by high-energy 
implanted DN ?oor isolation layer 1122 and sidewall iso 
lation N-wells 1123A and 1123B, which may be annular. N+ 
cathode 1125 extends across the semiconductor surface 
between LOCOS oxide regions 1129 and forms electrical 
contact with the ?oor isolation layer 1122 through its 
overlap onto N-wells 1123A and 1123B. The N+ cathode (K) 
1125, is contacted through ILD 1130 and electrically con 
nected by metal layer 1128 through optional barrier metal 
layer 1127. P-well anode 1124 is contained within isolated 
P-type region 1131 and contacted by a P+ region (not 
shown) within the isolated P-type region 1131. The contact 
is preferably formed in the dimension into the page, by 
interrupting the N+ cathode 1125 to insert the P+ region. 
Contact to non-isolated P-type substrate 1121 is facilitated 
by P+ regions 1126A and 1126B, which in a preferred 
embodiment form a ring circumscribing the diode 1120. 
[0059] Unlike a conventional diffused well which has its 
peak concentration near the surface and a monotonically 
decreasing concentration with increasing depth, P-well 1124 
may be formed by a high energy ion implantation of boron, 
for example, and preferably by a boron chain-implant com 
prising a series of boron implants varying in dose and 
energy. The chain implant, while it may comprise any 
number of implants, is graphically represented in the draw 
ing by two regionsia surface layer PW1, and a subsurface 
layer PW1B, formed by ion implantation through a single 
mask and without the use of epitaxy. In a preferred embodi 
ment the deeper layer PW1B is more highly concentrated 
than the surface layer PW1. 
[0060] FIG. 7C shows a cross-section of an isolated ESD 
clamp diode 1140 comprising multiple parallel N-well to 
P-well junctions all contained in an isolated P-type region. 
Isolated P-wells 1144A and 1144B are contacted by P+ 
regions 1146D and 1446C, and N-wells 1143A, 1143B and 
1143C are contacted by N+ regions 1145A, 1145B, and 
1145C. The resulting diodes are isolated from P-type sub 
strate 1141 by high energy implanted DN ?oor isolation 
layer 1142 and N-wells 1143A and 1143C. The device is 
circumscribed by LOCOS ?eld oxide layer 1149 and P+ 
substrate ring 1146A and 1146B. The active areas are 
contacted through ILD 1150 by metal layer 1148 through 
optional barrier metal layer 1147. 
[0061] Unlike a conventional diffused wells which have 
peak concentrations near the surface and a monotonically 
decreasing concentration with increasing depth, the P-wells 
1144A and 1144B, along with N-wells 1143A, 1143B and 
1143C, are formed by high energy ion implantation, and 
preferably by a chain-implant comprising a series of 
implants varying in dose and energy. While the chain 
implants may comprise any number of implant steps, they 
are graphically represented in the drawing by two regionsi 
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surface layers PW1 and NW1, and a subsurface layers 
PW1B and NW1B. In a preferred embodiment the deeper 
layers NW1B and PW1B are more highly concentrated than 
the surface layers NW1 and PW1, causing the breakdown of 
the Zener diodes to occur at a location Well beloW the 
surface. 
[0062] The various features shoWn in the isolated ESD 
clamp examples of FIGS. 7A-7C are illustrative of struc 
tures that are compatible With the disclosed process and 
capable of providing cost-effective, stacked ESD protection 
devices. It is Well Within the scope of this invention to 
combine the features from different ?gures to arrive at the 
best termination structure for a given implementation. For 
example, it is possible to add metal interconnect layers 
above the single metal layer shoWn, to substitute the LOCOS 
?eld oxide layers With alternative ?eld dielectric schemes 
such as deposited and/or recessed ?eld oxides. 
[0063] FIG. 8 shoWs a cross-sectional vieW of a stacked 
ESD clamp structure comprising a top ESD clamp 801 and 
a bottom ESD clamp 802 connected in series. Electrical 
connections are illustrated schematically, shoWing the ESD 
clamps connected betWeen an input pad 803 and a ground 
pad 804. Bottom ESD clamp 802 is non-isolated (has a 
common terminal connected to substrate 805), While top 
ESD clamp 801 is isolated from substrate 805 by DN ?oor 
isolation layer 806 and N-type sideWall isolation regions 
807A and 807B. 
[0064] While speci?c embodiments of this invention have 
been described, these embodiments are illustrative only and 
not limiting. Persons of skill in the art Will readily see that 
numerous alternative embodiments are possible in accor 
dance With the broad principles of this invention. 

We claim: 
1. An isolated ESD protection device, the device being 

connected betWeen the input terminals of a circuit to be 
protected, both the device and the circuit being formed in a 
semiconductor substrate of a ?rst conductivity type, the 
device comprising: 

a ?oor isolation layer of a second conductivity type; 
a sideWall isolation region of the second conductivity 

type, the sideWall isolation region extending doWn 
from a surface of the substrate and merging With the 
?oor isolation layer to form an isolated region of the 
substrate; and 

an ESD clamp structure Within the isolated region. 
2. The isolated ESD protection device of claim 1 Wherein 

the sideWall isolation region is annular. 
3. The isolated ESD protection device of claim 1 further 

comprising an isolation contact region at a surface of the 
substrate Within the sideWall isolation region, the isolation 
contact region being in electrical contact With an isolation 
contact. 

4. The isolated ESD protection device of claim 1 Wherein 
the ESD clamp structure comprises a bipolar transistor, the 
bipolar transistor comprising: 

a collector region of the second conductivity type; 
an emitter region of the second conductivity type; and 
a base region of the ?rst conductivity type interposed 

betWeen the collector region and the emitter region. 
5. The isolated ESD protection device of claim 4 further 

comprising a base contact region of the ?rst conductivity 
type, the base contact region being disposed in a portion of 
the base region. 
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6. The isolated ESD protection device of claim 4 further 
comprising an isolation contact region at a surface of the 
substrate Within the sideWall isolation region, the isolation 
contact region being in electrical contact With an isolation 
contact. 

7. The isolated ESD protection device of claim 1 Wherein 
the ESD clamp structure comprises a ?eld-effect transistor, 
the ?eld-effect transistor comprising: 

a source region of the second conductivity type; 

a drain region of the second conductivity type; 
a gate separated from the isolated region by a dielectric 

layer and overlying a channel region betWeen the 
source region and the drain region. 

8. The isolated ESD protection device of claim 7 further 
comprising a resistor connected betWeen the gate region and 
the source region, an impedance of the resistor being in a 
range of 200 to 20,000 ohms. 

9. The isolated ESD protection device of claim 7 further 
comprising an isolation contact region at a surface of the 
substrate Within the sideWall isolation region, the isolation 
contact region being in electrical contact With an isolation 
contact. 

10. The isolated ESD protection device of claim 1 
Wherein the ESD clamp structure comprises a diode, the 
diode comprising: 

an anode region of the second conductivity type at the 
surface of the isolated region, the anode region extend 
ing across the isolated region and being bounded on 
opposite ends by the sideWall isolation region; 

a cathode region of the ?rst conductivity type beneath the 
anode region. 

11. The isolated ESD protection device of claim 10 
Wherein a ?rst portion of the sideWall isolation region near 
the surface has a doping concentration that is loWer than a 
second portion of the sideWall isolation region beloW the 
?rst portion. 

12. The isolated ESD protection device of claim 10 
Wherein a ?rst portion of the anode region near the surface 
has a doping concentration that is loWer than a second 
portion of the anode region beloW the ?rst portion. 

13. An isolated ESD protection device, the device being 
connected betWeen the input terminals of a circuit to be 
protected, both the device and the circuit being formed in a 
semiconductor substrate of a ?rst conductivity type, the 
device comprising: 

a ?oor isolation layer of a second conductivity type; 
multiple parallel N-type regions alternating With parallel 

P-type regions, each of the N-type and P-type regions 
extending doWnWard from a surface of the substrate to 
the ?oor isolation layer; 

a cathode contact in electrical contact With each of the 
N-type regions and an anode contact in electrical 
contact With each of the P-type regions. 

14. An ESD protection device formed in a semiconductor 
substrate comprising: 

a ?rst ESD clamp structure; 
at least one additional ESD clamp structure, the at least 

one additional ESD clamp structure being electrically 
isolated from the substrate, all of the ESD clamp 
structures being connected in series With each other 
betWeen input terminals of a circuit to be protected. 
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15. The ESD protection device of claim 14 wherein each 
of the ?rst ESD clamp structure and the at least one 
additional ESD clamp structure comprises a ?eld-elTect 
transistor. 

16. The ESD protection device of claim 14 Wherein each 
of the ?rst ESD clamp structure and the at least one 
additional ESD clamp structure comprises a bipolar transis 
tor. 

17. The ESD protection device of claim 14 Wherein each 
of the ?rst ESD clamp structure and the at least one 
additional ESD clamp structure comprises a diode. 

18. The ESD protection device of claim 14 Wherein the 
?rst ESD clamp structure comprises a bipolar transistor and 
the at least one additional ESD clamp structure comprises a 
diode. 

19. The ESD protection device of claim 14 Wherein the 
substrate is of a ?rst conductivity type and the at least one 
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additional ESD clamp structure is formed Within an isolated 
region of the substrate, the isolated region being bounded 
by: 

a ?oor isolation layer of a second conductivity type; 
a sideWall isolation region of the second conductivity 

type, the sideWall isolation region extending doWn 
from a surface of the substrate and merging With the 
?oor isolation layer to enclose the isolated region of the 
substrate. 

20. The ESD protection device of claim 19 Wherein the 
sideWall isolation region is annular. 

21. The isolated ESD protection device of claim 19 
further comprising an isolation contact region at a surface of 
the substrate Within the sideWall isolation region, the isola 
tion contact region being in electrical contact With an 
isolation contact, the isolation contact being in electrical 
contact With one of the input terminals. 

* * * * * 


